Abstract A common economic use of rainwater is the basis for strategies that will allow the water sector to adapt to progressive climate change. Rainwater is a basic part of water resources that ensures the renewal of the surface and groundwater, therefore they should be protected against pollution and be managed and used in places of rainfall. This is particularly true for heavily urbanized, agricultural and industrial areas. Stormwater collection and storage systems have been introduced in many countries [1] . The water obtained in this way is a valuable source of fresh water, thanks to which it is possible to reduce the demand for tap water by almost 60% or use it during periods of drought [1, 2] . The idea of the sustainable management of water resources and the increasing ecological consciousness of society have allowed installations for the collection and use of rainwater in residential houses and public buildings to become an increasingly popular phenomenon [3, 4] . The research and assessment of rainwater quality is a guarantee of safety for its users. The article presents the results of research on the physical and chemical quality of rainwater collected directly from precipitation. Samples for research were collected in a suburban area during March-November 2015. The pH, turbidity, permanganate index, OWO, nitrogen compounds, phosphates, oxygen content, acidity, basicity, conductivity, hardness, and heavy metals content were determined. The obtained results were the basis for indicating the possibility of using rainwater for various economic purposes.
Introduction
Currently, about 36% of the world's population faces a crisis related to the lack of water. There are many areas where, as a result of limited access to freshwater resources, it is impossible to cover the ever-growing demand for this resource. It is believed that countries with a water supply below 2 000 m 3 ·M -1 may have difficulty meeting the needs of the population, and countries with resources below 1 000 m 3 ·M -1 are considered as areas with deep water deficits.
In Poland, the biggest problem of water management is the significant variability of atmospheric precipitation and extreme hydrological phenomena, most noticeable in large agglomerations and agricultural areas [5] .
Rainwater collection and storage systems have been introduced in many countries. The waters obtained in this manner are a valuable source of fresh water, thanks to which the demand for tap water can be reduced and used during periods of drought [1] . The leaders in creating such systems for collecting and using rainwater include Germany, India, Japan, Great Britain and Australia [6] . Rainwater collection techniques are used worldwide to support the drinking water supply [4, 6] , manage rainwater and reduce the risk of flooding by reducing the volume of water flow in storm water systems [2] . They are also one of the elements of the efficient and ecological functioning of buildings [7] . In areas with dispersed buildings where the costs of constructing classic water supply systems are high, the RWHS (Rain Water Harvested System) has proved to be an affordable and sustainable alternative [8] of drinking water supply.
Rainwater in households can be used, among others, for rinsing sanitary facilities, washing, cleaning, watering lawns and crops as well as car washing. Rainwater, in areas particularly exposed to water deficits, are also considered in terms of water intended for consumption, among others in Kenya and Bangladesh [9] . Therefore, knowledge about the quality of collected waters is crucial for the protection of public health.
The quality of rainwater obtained is characterized by considerable spatial and temporal variability. The composition of rainwater may be dependent on many factors, among others: pollution of the atmosphere (including the presence of dust, plant pollen, bioaerosol), catchment type, land development (industrial areas, roads and highways), local microclimate and nature trailing surface (roofs with different inclination, covered with different materials). The most contaminated rainwater occurs in urbanized areas, which is mainly related to the emissions of power plants, local boiler houses and industry [10] .
Although it is commonly believed that rainwater is relatively clean, the results obtained testify to its physicochemical and microbiological contamination [11] . Water quality is a very important feature from the point of view of the possibility of its use in the economy; however it does not always have to be water of the highest quality. Nevertheless, not all of the activities performed with water require its highest quality. Analysis of the structure of water consumption for household and residential purposes in residential houses shows that about 50% of drinking water can be replaced by rainwater, and in public buildings nearly 65% [12] .
The aim of the study was to examine the physicochemical quality of rainwater collected in suburban areas and to assess the possibility of using these waters for various economic purposes, and also as an alternative source of drinking water supply in crisis conditions.
Research methodology
The research was conducted in 2015 on a non-industrialized suburban area in the following seasons: spring (March-May), summer (June-August) and autumn (September-November). Analyses were carried out for rain water taken from guttering of buildings with various roofing materials: concrete tile (B), ceramic tile (C), galvanized sheet (O) and terrace covered with epoxy resin (T). Samples for research were collected during selected rain events, guided by the intensity of precipitation, as well as after rejecting the so-called first runoff. The control test was rainwater, which had no contact with the roof surface and was taken directly from atmospheric precipitation (P). In the immediate vicinity of the place of sampling in households, homes are heated using gas furnaces or high-efficiency solid fuel stoves.
Selected physical and chemical parameters were determined in accordance with the standards set out in Table 1 , applicable procedures and standards applicable to the study of surface and groundwater.
The assessment of corrosive aggressiveness in water distribution and storage systems was made based on the current PN-EN 12502 standard "Protection of metal materials against corrosion" and the now-obligatory standard N-72/C-04609 "Water and sewageInitial qualitative assessment of the corrosive effect of cold natural waters on pipes made of cast iron, ordinary or galvanized steel". 
Results and discussion

The quality of rainwater
Parameters that most often describe the quality of rainwater are pH and turbidity. The lowest pH values were recorded for rainwater taken directly from atmospheric precipitation. Rainwater tests from strongly urbanized zones indicate much lower pH -4.4 [13] . Among rainwater collected from various roofing materials, the lowest rainfall was characterized by rainwater collected from the roof covered with a galvanized sheet. The increase of pH in water collected from concrete tiles in relation to rainwater collected directly from the air results from the composition of cement, which includes carbonates, e.g. calcium carbonate (CaCO3), magnesium carbonate (MgCO3), which can to some extent be washed out by rainwater and raise the pH [14] .
Studies carried out so far indicate that pH values may undergo seasonal changes. Lee et al. showed that the average pH reaches higher values in the spring and summer, while Leong et al. stated that the reaction is reduced in the summer and winter months. The reason for this phenomenon is the increased content of nitrogen and sulfur compounds that get into the atmosphere as a result of the combustion of liquid and fossil fuels [15, 16, 17] .
Rainwater collected from various roofing materials was characterized by the greatest turbidity in the summer season. Water collected from the terrace covered with epoxy resinapprox. 8 NTU characterized by the highest turbidity. For rainwater collected in spring and summer, there is a tendency to increase turbidity after contact with the roof surface. Reverse relations are observed in the autumn season. Leong et al. [14] also show the possibility of detaining pollutants from rainwater on rough surfaces. For roof surfaces made of glass, metal and ceramics, respectively: 93 NTU, 57 NTU, 10 NTU were determined [14] .
In the case of water taken directly from the air, the turbidity was close to 4 NTU. Naddeo et al. [18] provide much higher turbidity values for rainwater collected directly from the air: 25.88 NTU. This may be due to the fact that the cited studies were conducted in the urban zone [18] . The turbidity of rainwater can also be the result of proliferating bacteria [19] . The content of nitrogen compounds for all tested rain water was at a similar level (Fig. 2) . The median values of ammonium nitrogen concentrations were within the range of 0.20-0.35 mg NH4 + /l, respectively for rainwater taken from galvanized sheet and for rainwater harvested directly from the roof covered with ceramic tiles. Significantly lower values were obtained in rainwater surveys collected in urbanized areas -0.02 mg NH4 + /l [20] . The highest concentrations of nitrite were determined in rainwater taken from the terrace (0.1 mg N/l), and the lowest in rainwater washing the ceramic tile (0.025 mg N/l). The highest nitrate concentrations were recorded for water from a roof covered with concrete and ceramic tiles. Similar concentrations of nitrates (V), determined in rainwater collected from a roof covered with concrete tiles, were designated in highly urbanized areas [20] .
The lowest amount of phosphates was found in rainwater harvested from galvanized steel, and the largest in water washing the resinous terrace. The slightly higher values were received by Duncan et al. [22] in rainwater from the urban zone -0.01-0.10 mg PO4 3-/l. The source of biogenic compounds in rainwater from atmospheric air may be pollen, fungal spores, cells and bacterial spores, as well as other substances originating, for example, from agricultural crops that pollute roof surfaces in the dry deposition process. In addition, biogenic compounds may also come from natural sources such as bird droppings, bryophytes and lichen contaminating roof runners [21] . The greater the surface roughness and the smaller the slope of the surface, the more problems with rinsing and the greater likelihood of accumulation of these impurities [22] . Differences in the amount of phosphates and nitrogen compounds between water taken from the different roof surfaces may result primarily from the structure of these surfaces and the possibility of rinsing dry deposition contaminants.
Total organic carbon (TOC) is a summary parameter describing the degree of water pollution by organic matter. The highest median values of TOC content, as in the case of permanganate index, characterized the rainwater taken from the terrace -5 mg C/l (Fig. 3) . (Fig. 4) .
Fig. 4. Electrical conductivity values in rainwater.
The lowest conductivity indications were noted for water collected from the guttering of the roof covered with galvanized sheet (similarly to the control sample taken directly from atmospheric precipitation). It has not been clearly demonstrated for which of the waters the parameter assumes the highest values. Similar results for waters collected from roofs covered with tiles and sheet metal were given to Zhang et al. [24] , and much higher conductivity was determined for run-offs from the so-called green roof [23] . The total mineralization of rainwater in natural conditions can be only a few milligrams of substances dissolved in one liter of water; however, in the industrialized regions the degree of mineralization is increased. The obtained values are relatively low compared to those obtained for industrialized zones -614.8 µS/cm [13] . 
Corrosion properties of rainwater
Assessment of corrosive properties of rainwater in terms of economic use is very important, because water of good quality, in relation to sanitary regulations, can be aggressive water, which brings about large economic losses. Rainwater, due to its insignificant hardness, low alkalinity and pH < 7, is considered to be water with increased corrosive aggressiveness. Based on the determined chemical parameters and indicators of the corrosivity of rainwater, it was found that regardless of the method of rainwater collection, they show enhanced corrosion properties in relation to cast iron and ordinary and galvanized steel ( Table 2) . 
Heavy metals in rainwater
In each of the tested waters, traces of nickel, chromium and lead in concentrations not exceeding 10 µg/l, copper ions in amounts up to 20 µg/l and zinc in amounts often significantly exceeding 100 µg/l were recorded ( Table 3 ).The water collected from the roof covered with galvanized sheet is distinguished by a significantly higher zinc content (3164,55 µg Zn/l) than in the other samples (below 1000 µg Zn/l). This dependence on roofing was also indicated by other researchers [16, 24] . For rainwater harvested directly from precipitation, the highest concentrations of heavy metals were recorded in the spring. However, for rainwater after contact with roof surfaces, no significant correlation was observed with seasonality. They are most visible in heavily industrialized and densely built-up areas [13] . 
Conclusions
Results of this study allow for the following conclusions:
• The rainwater tested was characterized by: pH in the range 5.5-7.5, turbidity of 1.5-8.0 NTU, low alkalinity, trace hardness and the presence of aggressive carbon dioxide.
• The quality of rainwater depends on the surface of the runoff and the method of its collection. Rainwater collected from the roof covered with galvanized sheet was characterized by the lowest pH (about pH 6.0) and the lowest turbidity in relation to the water collected from the other roof surfaces (concrete tile, ceramic tile, terrace covered with epoxy resin). The most polluted was the water collected from the terrace covered with epoxy resin, which confirms the fact that surfaces with a small angle of inclination cause accumulation of pollution, worsening the quality of rainwater.
• The obtained research results do not allow a clear determination on the impact of the season on the physical and chemical quality of rainwater. This may result from the low level of urbanization of the area where the research was carried out (suburban area) and the class of boilers used for heating homes in the area of sampling • The determined chemical parameters and indicators of the corrosivity of rainwater show enhanced corrosion properties of these waters irrespective of the season of the year and the method of collection. Due to low alkalinity and pH > 7, they will cause uniform corrosion. The smallest risk of uniform and pitting corrosion occurs for waters collected from roofs covered with concrete and ceramic tiles. The tested rainwater, due to hardness below 1 mg CaCO3/l, is characterized by leaching aggressiveness against ordinary concrete. Roofing made of cement and ceramic mixtures reduce the corrosive aggressiveness of rainwater, but do not eliminate it.
• As a result of the analysis, it was found that rainwater is a promising alternative to water resources, and after prior treatment they may be considered as an emergency source of water supply for consumption under crisis conditions. The process of treating rainwater in terms of its consumption should be directed to the removal of turbidity, deacidification by correction of the reaction with simultaneous increase in alkalinity.
• The tested waters can be used to meet the needs for water of lower quality, among others for cleaning, washing cars, flushing toilets and for irrigating crops and watering lawns without adversely affecting vegetation and soil organisms.
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